The physiology of pregnancy is a curious issue for specialists from different branches of medicine and science. In this systematic review, the attention was focused on changes in eyes during pregnancy and confinement. To summarise and systematize actual knowledge in eyes' changes during pregnancy, publications from years 2011-2017 were analysed. Studies about parameters of corneal endothelial cells, corneal biomechanical parameters, keratometric variables, intraocular pressure and biometry of the anterior chamber were compared. The conducted studies demonstrated the unambiguous character of changes only in case of intraocular pressure, which decreased during the II and III trimesters of pregnancy. Inconsistent study methods and low number of examined patients did not enable to draw explicit conclusions in context of other parameters of the anterior segment of the eye in pregnant women. It is indicated to perform further studies on a representative and homogeneous group of female patients.
INTRODUCTION AND AIM
Pregnancy is a period of intense changes occurring in women's organism when hormone balance is modified. These changes concern all systems and organs. They also affect the organ of vision -both the anterior and the posterior segment of the eye [1] [2] [3] .
The aim of this study is to summarize and systematize the knowledge on the changes in anatomy and physiology of the anterior segment of the eye, based on the analysis of current literature.
The following parameters were analysed:
• parameters of corneal endothelial cells: CD -cell density, %HEX -the percentage of hexagonal cells, CV -coefficient of variation.
• pachymetric parameters: CCT -central corneal thickness • keratometric parameters: K1, K2, mean K (K1 -flat parameter, K2 -steep parameter, mean K -mean parameter).
• biomechanic parameters: CH -corneal hysteresis, CRF -corneal resistance factor
• tonometric parameters: IOP -intraocular pressure, Goldmann-correlated IOP, corneal-correlated IOP
• biometric parameters of the anterior chamber: ACD -anterior chamber depth, ACV -anterior chamber volume, ACA -anterior chamber angle. 
METHODS

PACHYMETRY AND KERATOMETRIC PARAMETERS: CCT, K1, K2
Changes in central corneal thickness during pregnancy bring the attention of many researchers. A mechanism that affects CCT is not entirely known. Keratometric parameters change during the menstrual cycle. As it was demonstrated in the studies by Giufree et al. [4] and Goldich et al. [5] , cornea is the thinnest in the first days of menstrual cycle, and the thickest during the last days of menstrual cycle. Additionally, taking into consideration the fact that corneal epithelial cells contain oestrogen, progesterone and androgen [6] receptors, it seems very probable that changes in corneal parameters may be evoked by fluctuations in sex hormone levels. In spite of conducting studies with participation of pregnant women, the results are not unambiguous. Atas et al. [7] , studying a group of 54 women, demonstrated an increase in corneal thickness in the III trimester of pregnancy compared to the study performed three months after delivery (539.85 μm ± 33.38 vs. 535.69 μm ± 34.95) (p < 0.001). Efe et al. [8] , in their study conducted on a group of 25 women (50 eyes) followed a dynamic of changes in CCT between the 10 weeks of pregnancy and the 3-months postpartum. They proved the presence of a significant (p < 0.001) thickening in the central part of cornea in the II and III trimesters of pregnancy, compared to the measurements carried out in the 3 months after delivery (566.64 μm ± 21.99 and 573.68 μm ± 24.03 vs. 562.49 ± 23.40 μm respectively) (p < 0.005). Publications by Goldich et al. [9] , Sen et al. [10] , and Naderan et al. [11] , who claim that CCT does not change during pregnancy, are in opposition to the above-mentioned studies.
Assessment of corneal thickness is an important parameter in the description of the anterior segment of the eye. Not taking CCT into consideration may lead to a distortion of IOP measurement. Wrong diagnosis of ocular hypertension -the main risk factor of glaucoma, can contribute to implementation for unjustified anti-glaucoma treatment.
In medical databases there are also publications concerning a subject of changes in keratometric parameters: K1, K2, mean K. Similar as in the case of CCT, the researchers do not agree on the direction of changes in these parameters during pregnancy. Atas et al. [7] , basing on a 54-member group of pregnant women, demonstrated significant (p < 0.05) differences in all three keratometric parameters (K1, K2, mean K) in the III trimester of pregnancy compared to the examination in the 3 months after delivery. Goldich et al. [9] , obtained a statistically significant difference concerning only K2 parameter in pregnant women (60 eyes) compared to non-pregnant women (p = 0.039). Other studies [9, 11] , taking into account the results of a total of 95 pregnant women, did not show any significant changes in keratometric parameters during pregnancy. In conclusion, the variability of K1, K2 and mean K parameters was not definitively assessed. Observation concerning a tendency [9] of K2 to increase during pregnancy is an indication for conducting further studies.
CORNEAL ENDOTHELIUM CELLS
Corneal endothelium, that actually is a single layer squamous epithelium, constitutes the innermost corneal layer. It is composed of a single layer of hexagonal cells that, among others, control the proper hydration of corneal stroma. Endothelium together with Descemet's membrane and probably with Dua's layer create the endothelial barrier [12] . Thanks to the properties of endothelial cells, corneal oedema and decrease in visual acuity do not occur. Such parameters of endothelial cells as number, shape and size change during lifetime. Endothelial cells do not have regenerative properties, that is conditioned by the histological structure of this layer, so together with a pathological decrease in their number, corneal decompensation can occur [13] .
In the course of conducted literature analysis, detailed studies assessing changes in parameters of endothelial cells in pregnant women have not been found. Ornek et al. [14] , were the first who attempted to investigate the changes in parameters of endothelial cells during pregnancy. In the group of 66 pregnant women divided into 3 study subgroups (I, II and III trimester of pregnancy), they observed an increase in cell density (CD) in the II and III trimesters compared to the control group composed of non-pregnant women adjusted by age. In spite of assessment of the tendency, these changes were not statistically significant (p > 0.05). Another studied parameter -%HEX was increased in all the trimesters of pregnancy. However, these changes were statistically significant compared to the group of non-pregnant women (p < 0.05) only in the I trimester. CV exhibited a significant increase in the I trimester (p < 0.05) and a decrease in the II and III trimesters (p < 0.05). According to the authors, methodology of the study by Ornek et al. [14] was not planned properly. Precise tracing the dynamics of changes in the parameters of corneal endothelial cells requires conducting prospective studies, in which one group of patients would be examined several times during pregnancy and after delivery. Study design applied by the authors [14] did not consider the fact that some of the patients used contact lenses. As it results from the studies by Lee et al. [15] , in patients using contact lenses a percentage of hexagonal cells decreases. If this vital element of medical history is not taken into account, it can disturb the results and lead to wrong conclusions. Conducting further studies is essential in order to confirm the tendencies of changes in parameters of corneal endothelial cells during pregnancy.
INTRAOCULAR PRESSURE
Various methods of IOP measurement are used in clinical practice, including applanation and impression tonometry [16] . In recent years, there has been a significant technological progress in the methods of measurement of intraocular pressure [17] . Goldmann applanation tonometer, that is still a gold standard in IOP examination, is standardized for corneal thickness of 520 μm. In thinner corneas, readings of IOP measurements are understated and in patients with corneas thicker than this value -the measurements are overstated. In such situations, values should be appropriately subtracted or added according to the nomograms. Nomogram for Goldmann tonometer is presented in Table 1 .
A method of correlation of IOP results differs depending on the device. Due to this, it is not possible to indicate one, fully reliable measurement method for IOP assessment. Devices that correct the value of intraocular pressure with regard to corneal biomechanics are a good solution increasing the precision of measurement.
The subject literature describes studies assessing the value of intraocular pressure in the individual trimesters of pregnancy and after delivery.
Despite using different study methodology, results from all of the authors indisputably indicate a decreasing tendency of intraocular pressure in pregnant women compared to the non-pregnant female patients.
Tolunay et al. [19] investigated a group of 235 women divided into 4 groups: the I, the II, the III trimester and the postpartum period. Using Goldmann tonometer, they demonstrated that IOP value in the II and III trimesters of pregnancy is significantly lower than in the I trimester and during the postpartum period (p = 0.006, p < 0.001 and p = 0.001 respectively). A similar relationship can be observed in the studies by Efe et al. [8] , who used the Canon TX-F non-contact tonometer to demonstrate a decrease in IOP in the II and III trimesters of pregnancy compared to the I trimester and to the 3 months after delivery (p = 0.001, ANOVA).
Other authors, such as Sen [10] and Goldich [9] , applied in their studies a Reichert Ocular Response Analyzer (ORA), considering biomechanical properties of the cornea. Despite the fact that values of IOP measurements obtained with the use of this method (IOPg, IOPcc) are higher in terms of absolute value than in case of Goldmann tonometry, the results of both studies confirm the tendency described by Tolunay [19] and Efe [8] .
Goldich et al. [9] demonstrated a decrease in IOPg, IOPcc in the group of pregnant women in comparison to the control group (p < 0.001). Similar results were obtained by Sen et al. [10] (pIOPg = 0.001, pIOPcc = 0.0001, Kruskal-Wallis test).
The mechanism of IOP decrease during pregnancy was not completely explained. It is assumed that increased concentrations of oestrogen, relaxin, progesterone and β-HCG enhance the outflow of aqueous humour via the unconventional way. That decrease may be also caused by pressure reduction in the episcleral veins during pregnancy.
BIOMECHANICAL PARAMETERS OF THE CORNEA: CH AND CRF
New measurement techniques enable to examine a larger number of corneal parameters. The non-contact tonometer Reichert Ocular Response Analyzer (ORA) mentioned above allows the measurement of corneal hysteresis and corneal resistance factor. Hysteresis is a measure of viscoelastic properties of the cornea. According to a general relationship, the thinner and more delicate the tissue, the lower the hysteresis (cornea returns to its primary shape more quickly after two-time applanation with the use of stream of air). The above-mentioned examinations taking into consideration changes in other parameters, such as CCT and IOP, during pregnancy might suggest illustrating those changes just in CH and CRF. However, the trials that have been already conducted with the use of ORA, do not confirm that thesis. Naderan and Jahanrad [11] , investigating the group of 70 pregnant women prior to pregnancy, in the III trimester and one year after delivery, did not observe any significant differences in CH and CRF compared to the control group (p > 0.05 ANOVA). Similar conclusions result from the studies (Goldich et al. [9] and Sen et al. [10] ). In both cases changes in CH, CRF parameters are not statistically significant (p > 0.05).
Correlation of these parameters relative to biometric measurement and IOP remains the subject of studies. According to Lopez de la Fuente et al. [20] , there is an average negative correlation between IOPcc and CH measured in the patient (r = -0.482). That conclusion was confirmed by studies [9, 10] , where higher CH values were obtained for lower IOPcc measurements. Analogically, there is a high positive correlation for IOPg and CRF (r = 0.619). Results worked out by Sen et al. [10] do not confirm this thesis. Together with a decrease in IOPg in the following trimesters of pregnancy, Sen [10] observed an increase in CRF.
The divergence in data shows that further studies on the assessment of the relationship between the parameters tested using ORA and the remaining tonometric parameters are necessary.
BIOMETRIC PARAMETERS OF THE ANTERIOR CHAMBER: ACD, ACA, ACV
Apart from the variables discussed above, the parameters of the anterior chamber including ACD, ACV and ACA are also worth noting. There is only one study [7] in the subject literature that describes a change in depth, volume and angle of the anterior chamber during pregnancy. The studies by Atas et al. [7] were conducted on a group of 54 women in the 3 trimester of pregnancy. The measurements were carried out using Scheimpflug camera (Pentacam system) in the third trimester of pregnancy and 3 months after delivery. It was shown that values of all the parameters of the anterior chamber are higher in the third trimester of pregnancy compared to the third month after delivery. The analysis performed using Student's t-test for correlated samples demonstrated that the differences were statistically significant (p ACD < 0.001, p ACA = 0.002, p ACV < 0.001). The literature is lacking in other studies describing changes in values of those parameters during pregnancy.
Apart from the cited article [7] , there is no explicit proof in the literature concerning the influence of pregnancy on ACD, ACA, ACV. Increasing depth, volume and angle of the anterior chamber in the III trimester can be analogically referred to menstrual cycle. Karatepe et al. [21] , based on their studies, revealed that ACV and ACA remain on the constant level regardless the phase of the cycle, whereas ACD significantly (p < 0.05) increases in the 26 day compared to the first day of the cycle. It is interesting that in the studies by Atas et al. [7] all the mentioned parameters of the anterior chamber increase in the III trimester of pregnancy.
On that basis, it can be stipulated that changes in the biometric parameters of the anterior chamber result from the increase in concentration of sex hormones during pregnancy. However, that interesting hypothesis requires confirmation in additional studies conducted on a larger group of female patients.
SUMMARY
In the course of pregnancy, the value of intraocular pressure decreases. A decrease in this parameter is most noticeable in the II and III trimesters of pregnancy compared to the postpartum period. This phenomenon probably has hormonal origin. A tendency to decreasing of IOP should be taken into consideration during control ophthalmological examinations of pregnant women. Varying value of CCT, demonstrated by some of the researchers, can also affect the result of pressure measurement.
In view of divergence in results of the studies analysing changes in anatomical parameters of the anterior segment of the eye in pregnant women, there is a need to undertake further studies, extended with the use of a larger, more homogeneous study group.
